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Background
[PubMed]

Benzodiazepines are potent psychoactive drugs used for their sedative and anxiolytic properties (1, 2). There are 
two types of benzodiazepine receptors, which have been designated as central benzodiazepine receptors (CBR) 
and peripheral benzodiazepine receptors (PBR, also known as translocator protein (TSPO)). The CBR is found 
exclusively in the central nervous system on the membranes of neurons and is coupled to the γ-aminobutyric 
acid receptor/chloride channel (3). In contrast, the PBR is a mitochondrial protein found in brain and peripheral 
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tissues (adrenal gland, heart, lung, kidney, and testis) (4).The brain has lower levels of PBR than do the 
peripheral tissues. Both glial cells and macrophages contain high levels of PBR (5-7). Increased PBR expression 
after brain injury or neuroinflammation is associated with microglial activation, such as occurs with the 
neuronal damage that accompanies several neurodegenerative diseases, including Alzheimer’s disease, 
Wernicke’s encephalopathy, multiple sclerosis, and epilepsy.

PBRs have been studied in vivo by positron emission tomography (8) using 1-(2-chlorophenyl)-N-[11C]methyl-
N-(1-methylpropyl)-3-isoquinoline carboxamide ([11C]PK11195), an isoquinoline carboxamide with specific 
PBR antagonistic activity. [11C]PK11195 has been developed as a PET agent for non-invasive studies of 
microglia and macrophage activation in the brain, lung, and heart. However, accumulation of this tracer in the 
brain is limited. N-(2,5-Dimethoxybenzyl)-N-(5-fluoro-2-phenoxyphenyl)acetamide (DAA1106) was found to 
be a selective agonist for studying PBRs in the central nervous system (9, 10). DAA1106 was reported to have a 
higher affinity for PBRs in mitochondrial fractions of rat and monkey brains than PK11195 (9, 10). Therefore, 
both tracers are able to cross the normal cell membrane to reach the mitochondrial receptor sites. N-(5-
Fluoro-2-phenoxyphenyl)-N-(2-[18F]fluoroethyl-5-methoxybenzyl)acetamide ([18F]FEDAA1106) and 
[11C]DAA1106 have been developed as potential PET ligands with highly selective and specific binding to PBR. 
N-Acetyl-N-(2-methoxybenzyl)-2-phenoxy-5-pyridinamine (PBR28), which has an aryloxyanilide structure, has 
been shown to have high affinity and selectivity for PBR (11). N-Acetyl-N-(2-[11C]methoxybenzyl)-2-
phenoxy-5-pyridinamine ([11C]PBR28) has been developed for imaging PBR in the brain.

Related Resource Links:
• Chapters in MICAD (PBR)
• Gene information in NCBI (PBR)
• Articles in OMIM (PBR)
• Clinical trials (PBR)
• Drug information in FDA (PBR)

Synthesis
[PubMed]

Imaizumi et al. (11) reported the synthesis of [11C]PBR28 by 11C-methylation of the O-desmethyl precursor 
with [11C]CH3I. [11C]PBR28 was purified by high-performance liquid chromatography (HPLC). The specific 
activity was 59.7 ± 2.7 GBq/μmol (1.61 ± 0.07 Ci/μmol) at the time of injection. Time of synthesis or 
radiochemical yield was not reported. Wang et al. (12) reported a fully automated synthesis of [11C]PBR28 using 
[11C]methyl triflate and the O-desmethyl precursor with radiochemical yields (decay-corrected) of 70-80% 
based on [11C]CO2 at the end of bombardment (EOB). The overall synthesis, HPLC purification and 
formulation time was 25-30 min from EOB. The specific radioactivity was in a range of 185-555 GBq/μmol (5-15 
Ci/μmol) at EOB with >99% radiochemical purity.

In Vitro Studies: Testing in Cells and Tissues
[PubMed]

In vitro [3H]PK11195 PBR-binding studies showed that PBR28 had an IC50 value of 0.6 nM. PBR28 has a 
lipophilicity value of 2.98 and little activity against various neurotransmitters and transporters (11). PBR28 
showed inhibition constant (Ki) values >10 µM for several CBR subtypes.

Owen et al. (13) performed in vitro binding studies using human post-mortem brain tissues from normal 
subjects without any history of neurologic disease with [3H]PBR28. PBR28 binds to PBR with high affinity (Ki = 
3.4 ± 0.2 nM, n = 6 (40%), low affinity (Ki = 188 ± 7 nM, n = 5 (33%)), and mixed affinity (two sites: Ki = 4.0 ± 
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1.2 nM (high), Ki = 313 ± 38 nM (low), n = 4 (27%)). Differences in affinity between high affinity binders 
(HABs) and low affinity binders (LABs) are ~55-fold with PBR28, ~17-fold with PBR06, and ~4-fold with 
DA1106, DPA713 and PBR111. Mixed affinity binders (MABs) express one class of sites with an affinity, which 
approximately equal to the means of those for HABs and LABs. PBR28 is a more dominant mixed affinity ligand 
than PBR06. PK11195 binds equally well to all with one affinity (Ki = ~23 nM, n =15 (100%)). In an 
autoradiography study with brain tissues from 22 donors, Owen et al. (14) showed 23% of samples (LABs) with 
no detectable specific signal with [3H]PBR28. The other samples showing signal were HABs (46%) and MABs 
(31%). On the other hand, all samples showed signal with [3H]PK11195. There was no difference in binding 
affinity or binding site density for [3H]PK11195 in samples showing no [3H]PBR28 signal.

Animal Studies

Rodents
[PubMed]

Imaizumi et al. (11) reported PET studies of [11C]PBR28 to localize PBRs in a permanent middle cerebral artery 
occlusion model of neuroinflammation in the rat. Regional volume of distribution (V’T) was obtained by a two-
compartment model with arterial input. In two bolus studies with scans up to 120 min, [11C]PBR28 was injected 
intravenously over 6 min. [11C]PBR28 showed high peak uptake of ~140, 170, and 200% standard uptake value 
in the contralateral side, the ischemic core, and the peri-ischemic core at 5–10 min after injection, respectively. 
Bolus to infusion (B/I) experiments were acquired with two different ratios (B/I = 2 and 5 h). There were 100–
190% and 140–290% increases of V’T in the ischemic core and the peri-ischemic core over the contralateral side, 
respectively. Injection of PK11195 (60 min after [11C]PBR28) reduced radioactivity in the ischemic core and the 
peri-ischemic core region to that of the contralateral region. In vitro autoradiographic studies of [3H]PK11195 
showed significant correlation with the V’T values of [11C]PBR28 PET obtained in the contralateral side, the 
ischemic core, and the peri-ischemic core. The increase of [11C]PBR28 binding in ischemic and peri-ischemic 
areas may represent a microglial activation because of cerebral artery occlusion.

Other Non-Primate Mammals
[PubMed]

No publications are currently available.

Non-Human Primates
[PubMed]

Imaizumi et al. (15) performed brain (n = 6) and whole-body (n = 3) PET imaging in nonhuman primates after 
intravenous injection of [11C]PBR28. Brain accumulation of radioactivity peaked at ~40 min with 300% 
standardized uptake value (SUV). The gray matter had higher radioactivity than the white matter with the 
highest radioactivity in the choroid plexus of the 4th ventricle. Co-injection of DAA1106 (3 mg/kg) reduced the 
SUV in the putamen to <100% at 80 min after injection. Whole-body PET scans showed that the BPR-positive 
organs such as lungs (56% injected dose (ID)), kidneys 7% ID), brain (6% ID) and heart (5% ID) exhibited 
moderate to high activity at 2-10 min after injection. Co-injection of PK 11195 (10 mg/kg) reduced the 
radioactivity in these organs by 50-70% at 60 min after injection.

Human Studies
[Pub Med]
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Fujita et al. (16) performed [11C]PBR28 PET brain scans in 12 healthy subjects for 120-180 min with one- and 
two-tissue compartmental analyses combined with serial radioactivity in arterial plasma. To obtain stable 
distribution volume (VT) values 90 min of imaging and two-tissue model were required. The VT values in 
humans were only ~5% of those in monkeys. Two subjects (14%) showed no significant binding in the brain, and 
organs with the highest PBR densities such as the lungs and kidneys. Owen et al. (13) reported that the VT 
values of three out of 35 (9%) healthy subjects could not be calculated because of low specific signal. It was 
concluded that these subjects are likely be to be LABs.

Brown et al. (17) performed dynamic whole-body scans after injection of 651 ± 111 MBq of [11C]PBR28 in 
seven healthy subjects for radiation dosimetry measurement. For six subjects, the three organs with the highest 
radioactivity were the kidneys, spleen and lungs (organs with the highest PBR densities). The effective dose was 
6.6 ± 1.7 µSv/MBq. One subject showed 60-90% less radioactivity in these three organs, resulting in 28% lower 
effective dose.
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